The problem ofpossible violation ofthe second law ofthermodynamics is discussed. It is noted that the task ofthe well known challenge to the second law called Maxwell's demon is put in order a chaotic perpetual motion and if any ordered (non-chaotic) Brownian motion exists then the second law can be broken without this hypothetical intelligent entity. The postulate of absolute randomness of any Brownian motion saved the second law in the beginning of the 20th century when it was realized as perpetual motion. This postulate can be proved in the limits of classical mechanics but is not correct according to quantum mechanics. Moreover some enough known quantum phenomena, such as the persistent current at non-zero resistance, are an experimental evidence of the non-chaotic Brownian motion with nonzero average velocity. An experimental observation of a dc quantum power source is interpreted as evidence of violation ofthe second law.
partition, initially raised so that the molecule is free to explore the entire box, is dropped, and the demon determines an which side the molecule is trapped. Using this information, the demon inserts the piston on the empty side of the box, raises the partition, and allow the molecule to do isothermal work as it pushes the piston back to its original position. The demon extracts work kBT, in apparent violation ofthe second law.
Different suggestions were proposed in order to save the second law. Brillouin assumed [7] that energy should be dissipated in observing the molecule's position. This point ofview is developed up to last time [8] . Other way of the demon banishment, most popular in the last time [5, [9] [10] [11] [12] [13] , is the Landauer's principle. Landauer and others have found that almost any elementary information manipulation can in principle be done in a reversible manner, i.e. with no entropy cost at all [14] . Bennett [15] made explicit the relation between this result and the Maxwell's paradox by proposing that the demon can indeed learn where the molecule is in Szilard's engine without doing any work or increasing any entropy in the environment, and so obtain useful work during one stroke of the engine. But Bennett noted that an additional step is needed to complete the engine's cycle: the demon's memory stores one bit of information -molecule on right or left. To complete the cycle, this information must be erased as the demon's memory returns to a standard state, ready for the next cycle. Bennett invoked Landauer's principle -to erase a bit of information in an environment at temperature T requires dissipation of energy > kBTln2 -and concluded that the demon does not succeed in turning heat into work.
ORDERED BROWNL&N MOTION
Although first doubts about the absolute status of the Landauer's principle were published already [16] , most people believe that it saves the second law. But it should be noted that the Landauer's principle can save the second law only in the case of absolute randomness of any Brownian motion. Indeed, heat can not turn into work in Szilard's engine without the Maxwell's demon because of absolute randomness of the molecule's motion. The Maxwell's demon and also the ratchet/pawl combination considered by Feynman [17] (and earlier by Smoluchowski [1] ) are needed in order to regulate chaotic heat energy. But if an ordered Brownian motion exists then the second law is broken without the Maxwell's demon and the ratchet/paw! combination. For example heat can be easy turned into work in Szilard's engine if the molecule moves in a direction with higher probability than in opposite direction. It is impossible in essence in the geometry considered by Szilard, but it is possible at a circular motion. For example in the case considered by Feynman [1 7] work can be obtained from heat without ratchet and pawl at an ordered circular motion of molecules. Therefore we can conclude that the postulate of absolute randomness of any Brownian motion saved the second law in the beginning of the 20th century when it was realized as perpetual motion. This postulate can be proved in the limits of classical mechanics but is not correct according to quantum mechanics.
According to the classical mechanics the average velocity of any Brownian motion equals zero <v> -0 since if spectrum of permitted states is continuous then for any state with a velocity v a permitted state with opposite velocity -v and the same probability P(v2) exists, therefore <v> = E,,er.sj. v P(v2) + (-v) P(v2) 0. But according to the quantum mechanics no all states are permitted. Therefore the average velocity of some quantum Brownian motion can be nonzero <v> 0. Thus, according to the well known principle of the quantum mechanics the postulate of absolute randomness of any Brownian motion can be incorrect. Moreover some enough known quantum phenomena are an experimental evidence ofthe non-chaotic Brownian motion with <v> 0.
EXPERIMENTAL EVIDENCE OF NON-CHAOTIC BROWNIAN MOTION
One of the examples of the ordered Brownian motion is the persistent current observed at non-zero resistance [1 8}. The persistent current can exist because of the quantization of the momentum circulation dlp=cJdl(mv+A)=mcJdlv+=n2ith (1) When the magnetic flux t' contained within a ioop is not divisible by the flux quantum Ji, = 2rhc/q (i.e. P nPo) and c1 the average velocity <v> 0 since the spectrum of permitted states of velocity circulation '. 2ith cJ:
cjdlv=-(n---) (la) region from zero w -0 to the quantum limit w = kBT//i. The observation of the persistent current at R > 0 as well as of the Nyquist's noise means that energy dissipation takes place: M,2 in the first case and <V2>/R in the second case. Because both have power induced by fluctuations, the maximum power of the persistent current RJ,,2 [1 8] and to the total power ofthe Nyquist's noise are close to the power ofthermal fluctuations Wfl = (kBT)/h. But there is an important difference between these two fluctuation phenomena. The power of the Nyquist's noise is "spread" WNyq kBTLICO on frequency region from zero w -0 to the quantum limit w -kBT/h whereas the power of the persistent current is not zero at the zero frequency band co = 0. It is very important difference. The persistent current can be interpreted as rectified Nyquist's noise. The Nyquist's noise is chaotic Brownian motion [17] and the persistent current at R > 0 is ordered Brownian motion [18] . Therefore the power ofthe first can not be used whereas the power ofthe second can be used for the performance ofuseful work.
QUANTUM FORCE
In order to describe the motion of Brownian particles Langevin has introduced a force which is called now Langevin (1)). When the superconducting state is closed cj• dip = n2ith and the velocity can not be equal zero because of the quantization if P n'P0 = n2uzhc/2e. Therefore each superconducting pair accelerates and its momentum circulation changes from (2e/c) P to n2'rh at each closing of superconducting state. This acceleration may be considered as an outcome of action of the Langevin force when the closing is induced by thermal fluctuation (as it takes place at the Little-Parks experiment). The change (n2irh -(2e/c) t1) of the momentum circulation replaces random fluctuation voltage ELan. The velocity slows down and the momentum circulation returns to the initial value (2e/c) P because of dissipation force acting in the unclosed superconducting state when R > 0as well as the Nyquist's current slows down at ELan 0 because ofR >0 (see (3)).
The Nyquist's noise is chaotic Brownian motion and the persistent current at R > 0 is ordered Brownian motion since the time average value of the Langevin force in the first case equals zero < ELan> 0 whereas in the second case
)co 0 at cP ncP0 and 1i (n+O.5)P0. The latter takes place because of discrete spectrum of closed superconducting state. Although the switching of the loop between superconducting state with different connectivity induced by thermal fluctuation is random (the frequency of switching co =NSW/O, where is a number of switching during a time &) the quantum number n at each closing has with high probability the same integer number n corresponding to minimum energy i.e. to minimum (n -ilikP0)2, since the energy difference between adjacent permitted states with different n of superconducting loop is much higher than temperature. Therefore the average value <n> is close to an integer number n corresponding to minimum (n -P/P0)2 and the quantum force j• diFq2(<fl>)W (4) as well as the persistent current are a periodical function of the magnetic flux P inside the loop. The quantum force takes the place ofthe Faraday's voltage and maintains the persistent current in spite ofthe energy dissipation M,2.
NANO-SCALE QUANTUM POWER SOURCE
It is obvious that work can be easy obtained at an ordered circular motion of molecules, for example in the case considered by Feynman [17] . But how can we use the energy ofthe persistent current? It is doubtful that a work can be obtained at using of homogeneous, symmetric loop in which can not be a potential difference even at a non-zero current. But it is well known that a potential difference V = (<,ø>is <P>i) iJ The phenomenon observed in [27] was predicted first in [29] . It was shown first in this work that the dc voltage the value and sign of which depend in a periodic way on the magnetic flux can be observed on a segment of superconducting ioop which is switched between normal and superconducting states. The value of this voltage should be proportional to the average frequency of the switching u, as well as the quantum force (see (4)), until the frequency does not exceed a limit one corresponded to a time relaxation. The analogy with a conventional loop (5) The total balance of force circulation cJ'dlFq + cjdlFdS = 0 explains why the persistent current is observed in spite of the dissipation Fd/5 0. This balance arises from the conditions that the total change of the momentum circulation during a long time should equal zero and that cJdlVV 0 . The momentum circulation of superconducting pair changes from (2e/c) 1) to n2uth because of quantization and from n2irh to (2e/c) P because of the dissipation force. Since the fluctuation power is proportional to T? it is better to use high-Tc superconductor (HTSC) with critical temperature T 1 00 K for the making of the quantum power source on base of non-chaotic Brownian motion [3 1,35] . Since the value of effects connected with the persistent current in loops is proportional to (7/)2 and the coherence length of HTSC known now is small the loops should be nano-scale. The modern methods of nano-technology allow to make the system of 108 loops on an area 1 cm2. Such system of HTSC loops can give the dc power up to < N(kBT)2/h 1 Wt. The power can be increased in many times by the use of multi-layer technology. The power up to 10 kWt can be obtained in a system with volume 100 cm3 and thickness oflayers 0.01 cm.
Thus nano-scale quantum power source with acceptable power and acceptable volume can be made. But very high technology requires in order to make it.
DISCUSSION
It is obvious that the result [27] is experimental evidence of dc power source and that dc power can be used for the performance of useful work in contrast to the chaotic Nyquist's noise. But defenders of the second law do not retreat. They state that the dc power observed in [27] is induced by an external non-equilibrium electrical noise. Indeed, reiterated switching of a loop between superconducting state with different connectivity can be induced both by equilibrium noise (thermal fluctuation) and by an external non-equilibrium noise and it is difficult to distinguish the first and second influence. In order to state that only equilibrium noise induces the dc voltage observed in [27] one should be fully confident that the temperature of external noise in a wide frequency band does not exceed the temperature of measurement. It is very difficult to be sure even if because of the temperature difference inside and outside of the cryostat where the measurements any frequency regions. Because of T =300K outside the cryostat the noise power can be close to the equilibrium one for the temperature T =1.2 K of measurement in [27] only for frequency regions which are strongly shielded or absorbed. The power for some frequency regions can be between kBl.2z1w and kB300zlw even without a external noise sources existing in our noisy world.
But the claim that the dc power observed in [27] is induced by an external non-equilibrium electrical noise does not save the second law since already numerous observation of the persistent current at non-zero resistance are experimental evidence of its violation. This quantum phenomenon is enough long ago and well known. Most scientists state that the persistent current does not threaten the second law since it is equilibrium phenomenon and therefore no work can be extracted from the persistent current. Indeed, in the equilibrium state, in which the persistent current is observed, the free energy F = E -SThas minimum value and nobody can decrease a value below its minimum. But the internal energy E can be decrease without any decrease of the free energy if the entropy S decreases at the same time. Thus, this statement of defenders of the second law is turned into the statement that the second law can not be broken since it can not be broken.
Since observation of any current I at non-zero resistance R > 0 means the existence of energy dissipation with power pj2 many scientists state that the persistent current is no quite current. But if it is correct why is the voltage proportional to this no-current is observed in [27]? In order to save the second law its defenders should explain this as well as they should give an explanation, alternative to the one proposed in [18] , why the persistent current does not die downatR >0. Now most scientist are fully confident that the second law can not be broken since as Arthur Eddington wrote in 1948 [36] : "The second law of thermodynamics holds, I think, the supreme position among the laws ofNature. If someone points out to you that your pet theory of the universe is in disagreement with Maxwell's equations -then so much the worsefor Maxwell's equations. Ifit isfound to be contradicted by observation, well, these experimentalists do bungle things sometimes. But fyour theory isfound to be against the second law ofthermodynamics I can give you no hope; there is nothingfor it but collapse in deepest humiliation". Nevertheless enough many papers with challenge the absolute status of the second law were published in the last years [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] . More detailed Bibliography can be found at the web-site http://www.sandiego.edu/secondlaw2002/#Bibliography of First International Conference on Quantum Limits to the Second Law which was held July 29-31, 2002 in University of San Diego and at the web-site http://www.ipmt-hpm.ac.ru/SecondLaw/.
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